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a b 1.0 SUQIARY i 
Ef A wind tume] test program vas conducted on an operational 3 

i it prototype OH-6A helicopter in the NASA AMES 4o' x 8’ wind | 
Bo q 

q No ae tunnel, April 23 thru May 8, 1968. ; 
PoP oe 
q acd Helicopter and rotor component longitudinal stability derivatives i 
. © ry f 
: f were determined from the experimental data and compared vith rt 
Bo e theoretical values obtained from a digital computer program, 


; which mmerically calculates the aerodynamic characteristics 
‘a ora of a lifting rotor,wsing a strip analysis technique. Theory 


7 . qi compares quite vell with most of the experimentally determined f 
4 } “ stability derivatives. Specific exceptions are discussed in the 
P| 4 body of this report. I 
ie | 
ia Helicopter performance data weasured in the vind tunnel show 7 
! t { good agreement with flight date. 
Bo 

: t | In addition to the wind-tunnel balance data, blade and other 

‘ 4 helicopter components were strain gaged for bending moment data \ 
q if | and for control positions. Tests were conducted over a << 

i: 


range from .25 to .40, plus limited data at 4(¢ = .4. These 
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F i" loads data show good agreement with flight data. 
q ? / Theee wind tunnel tests and analyses vere conducted under contract 
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2.0 CONCLUSIONS 


The results of the experimental and analytical investigations conducted 


in this program indicate that numerical techniques can be used to predict 


rotor stability derivatives. The agreement between computations and test 


ae om 


was excellent throughout the speed range investigated YA = .25 to .35). 


4 


It is felt that a simple computer program assuming uniform induced velocity 


can successfully be used to obtain rotor derivatives at the advance ratios 


teated, 


The numerical technique was not programmed to predict the large increase 


a 
ry 
5 


in blade flapping due to retreating tip stall. Though a program which 


includes blade torsion as a degree of freedom and properly simulates the 


shift in airfoil center of preesure with blade stall can be set up to pre- 


ee ee 


dict the increased blade flapping, such a program would be considerably 


more costly than that presented in this paper. Comparison of the test 
data with the numerical analysis indicated that retreating tip stall did 


not significantly change the pitching moment around the test helicupter 


moment center. Although the hub moment was increased by the increased 


blade flapping, the tilt of the rotor thrust vector was concurrently de- 


creased due to increased drag on the retreating side, Therefore, a more 


sophisticated and costly program was not considered necessary to obtain 


SORE Ane See 
widens 
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valid aircraft pitching moments about its moment center. 


Derivatives of the wind tunnel pitching moment date with the horizontal 


atebilizer both on and off were used to estimate the stabilizer effective- 


ness and downwash. For unstalled conditions the downwash was found to 
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be approximately 1.2 times the rotor induced velocity. This average velue 
is of comparable magnitude to those presented in the technical literature, 
Rotor retreating tip stall reduced the effective rotor disc area, and 


r 
de hence, increased the downwash velocity at the stabilizer. 


ii Level flight performance as measured in the wind tunnel shows excellent 
= Qgreement with flight test data obtained from a similar ship. Loads data 


as show good agreement with flight data, 
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. pacpanco ey__ RB, EE. Rohtert Aerodynamic Tests of an Operational CH-6A 

i cHeckeo sy_._.__8, W. lavorge Helicopter in the Ames 40' x 80' Wind Tamnel 

a / 
Re . 3.0 DERRODUCTTOS 

4 | The Hughes Tool Company - Aircraft Division has conducted a wind 

ian tunnel test of an operational prototype . Cl-Gé helinepter, . 


hort. x S0ft. low speed wind tunnel, April 23 thru May 6, 1968. 


The major objectives of this test series were: 
(1) Explore helicopter and rotor component stability deriva- 
tivea and performance including esteb),ishment of any 
significant rotor/fuselage interference effects. 


L 

L 
a S/N 62-4216, equipped with production blades, in the MASA AMES 
| 

L 

| 


F (2) Simulate the use of increased solidity by conducting : 
q | . @ portion of the vind tunnel testy at values of thrust q 
4 . corresponding to values of “i/y- approximately one-half 4 
| current flight operatianal values. : 
F 4 
| (3) Conduct analytical studies involving the use of digital ] 
q computing teehniques for use in comparison with the 4 
7 j | wind tunnel experimental date. q 
: 4 
: | (4) Measurement of rotor blade and rotor suppart mast moments 
q for comparison with applicable theory and correlation : 
q | | with available flight test date. However, the sensi- q 
i tivity of the mst bending moment instrumentation vas q 
- inadequate for proper determination of the bending 


| moments produced by the small flapping angles and 
f thrust vector tilt encountered during the wind tunnel test. 
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on Date plots, tebulated results, and their analyses, including 


comparisons with applicabic thearles, relative to the above 

test objectives ere presented herein. ‘The test advance ratios, 
/a «25 to .WO, used for the mjority of the testing, correspond 
to helicopter foxward flight speeds of approximately 93 to 15h 
knots. vo data points vere collected at “a .4h (169 mots). 
Same hover runs vere conducted with tumnel test section roof 
doors opened ani closed. These were primarily for operational 
chackout of the helicopter and its instrumentation prior to . 
operation of the wind tunnel. Support tare and interference 
runs were comlucted and the data corrested for these effects. 
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; i a 
4.0 NOMENCLATURE 
\ 
4.1 Notation (Analytical) | 


tamer RE ge vee, 


A, = 29,625 £t2, main rotor blade area (4 blades) 
Ay = Lateral cyclic blade angie, degvees. Positive is blade 
8 end ine edge down atW= 0 
as = rer tilt of thrust vector, degrees, Aft tiit 
7 is positive. 
a = Longitudinal flapping, degrees. Positive is blade tip 
. down at W = 0°. \ 
« \ \ Y : 
ee, eee By = Longitudinal cyclic blade angle degrees. Positive is | 
ae . blade leading edge down at W = 90°. 
by = Lateral flapping, degrees. Positive is blade tip down 
: at WY = 90°, 
, { 
\ be = Lateral tilt of thrust vector, degrees. Tilt to right \ 


is positive. 


: Cy = Section lift coefficient. 


 eueinineentanaeenimeaeeatnenememnttanrnmankicemmniiaiaedsbaaeimeiamanenamedtitiet ees are re oe 
ares sa eee or . TS — = oon er, ee 


q Cy = \Section drag coefficient. 
j | L 
: c,* ‘ 
” q Ay | ' 
: \ ‘ *. : 
a : Cn o q ApR 
] C/o = Tar haa | 
4 Ay (SL R)“R 
Cc ‘ 
; pA i ~~ , 
oo PA, AR)ZTR- : \ {i 
q 7 ns vs ; 1 
ile « i \ 
a “r p Ap @LR)2 


4 | c, : . 

_ p Ap. (AUR)2 : \ 
; 
= Drag, lbs, : 
= Lift, Lba. 


D 
L 
af = Rolling moment, lbs-ft. 


\ 
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aA 
\ 
I. 
: Mt. = Pitching Moment, lbs-ft. 
; MC « Moment center, All moment data were reduced sbout a 
-_ : moment center located at W.L. 36.43, F.S. 101.85, B.%. 0.0. 
: ee ‘ This corresponds to the intersection of the! skewer pivot 
ball (pitch) axis with the mid-plane’ of the fuselage. 
Lo q = Dynamic pressure, 1ba/ft?. 
R = 13.165 ft, main rotor blade radius. 
a . oy! = Tunnel speed, ft/sec. 
x 8 = Shaft (mast) angle, degrees. 
, DN = Inflow ratio. 
\ 
. | = _y' | | | : 
=) ee “ OUR \ i 
\ i 
¢ | - = Density, slug/£t>, 
. | 7 
ro = Ap/rR? = .0544, solidity ratio 4 
| i Q 5°" Collective pitch angle, degrees. : q 
: \ OR «= Tip speed, ft/sec. \ ; q 
ss \ 
4.2 Notation (Configuration) 
B = Main rotor blades (4). Rotor dise = 26.33 ft in diameter. 
Conetant blade chord = ,562 ft, NACA 0015, 9° washout. 
F = Model 369 (OQH-6A) fuselage mounted on skewer through 
\cargo compartment together with the Model 369 lower verti- 
5 ‘eal stabilizer attached to the, tail boom support (TBS). 
mm | : Lower vertical span = 27.5 inches from boom centerline, erea 7 
-_ = 1.78 sq ft. ; 7 
ie x = Horizontal stabilizer. Chord = 16.5 in., NACA OO1S airfoil 
‘ : section, span = 67 inches from boom centerlines, dihedral 


= 25 deg, area = 7.68 sq ft. 


1 K = Dummy skewer, Used only in conjunction with support, 
tare runs to determine skewer interference corrections. 
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Tail cotor. 2 bledes. Rotor disk diameter = 4.25 ft. 


Upper vertical stabilizer. Span = 50.0 inches from boom 
centerline, area = 3.84 sq ft. 
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$.0 DESCRIPTION OF TEST CONFIGURATION 


§.1 Installation on Ames Supports 
The HIC-AD OH-<GA light observation helitopter, flight operetional 


prototype, S/N 62-4216, was installed in the Ames 4o' x 80' wind 


tunnel on the tumnel three - suppert external balance. Photo~ 
graphs of this installation ore presented in Figs. 1 and 2. 


TERS Ta 


As illustrated in these figures and the installation drawing 
(Fig. 3) the ship was supported on the two forward (main) struts, 


Se ee 


located on 164" centers, by means of a 5" diameter skewer passing 


thru the wiadows of the helicopter cargo compartment. ‘This 


skewer was attached by a steel truss adapter to the underside 


of the rotor mast base by means of the same four bolts which are 
used to attach the mast base to the fuselage structure. The 


helicopter pivoted about the center line of the 4" diemeter ball 


socket assembly mounted atop each of the two forward struts. 


The center line of the 5" diameter skewer was 5.83" above the 


ball centers, i.e., above the pitch axis. Wind shields were 


provided around these forwerd struts. The protrusions above 


the wind shields and the skewer itself were unshielded from the 


wind. Correction for their effects were evalunted by the support 


tare mms which followed camletion of the production data 


mums. The attachment. of the two forward struts to the balance 


system scales was such as to provide readouts of lift, drag, 


rolling moment, yawing moment and side force. 


ates 
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ws 


Toe instxumentation and control actuntor leads, the fuel line, 
and CO> fire extinguisher line were run into the helicopter 


thru the hollow skewer. 
Fig. 3D presents a three-view drawing of the OH-6A, 
‘52 ail Boum Support 
The least count of the Ames pitch balance thru the tail strut 


was too large to provide meaningful pitching moment data for the G- 
GA elicopter configuration. Consequently HIC-AD personnel 
designed and fabricated a tvo-component strain gage balance of 


adequate sensitivity for the determination of the pitching moment. 


The HIC-AD Tail Boom Support (TBS) is showm best in figure l, 
connecting the Ames tail strut to the helicopter tail support 


pivot. 


The HIC-AD Tail Boom Support performed two additional fymotions. 
First, the spring (50 lbs./in.) and damper (standard OH-6A lag 


damper) combination eliminated the ground resonance problems 
associated with attaching the tail boom directly to the massive 
Ames tail strut. Second, as the load on the TBS spring changed 
during a test rum, the fuselage angle of attack changed fram the 
nominal value which had previously been set by the Ames tunnel 
operator by means of appropriate positioning of the Ames tail 
strut. The linear actuator, controlled by the ‘HINC-AD console 
operator was used to provide vernier readjustment of the fuselage 
angle of attack. 
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5.2 ‘Dail Boom Support (Continued) 


Shaft (mast) angle of attack ((,) was fed digitally into the 

Ames data acquisition system in conjunction with the external 
balance readings, exclusive of pitching moment. In addition 

As was manually recorded by the helicopter control console 


operator’. 


; HUGHES TOOL COMPANY AIRCRAFT DIVISION “ond6QeA-B020, 
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I ciecdes ey: S, V, laForge Helicopter in the Ames 40' x 80' Wind Tunnel 
] 5.3 Support Interference Configuration 

‘ ks I In order to determine a correction to account for the interference 

q i of the skewer support during the production data tests, an 

Ry 

Bos [ awteiliery support was utilized as illustrated in figure 33, Data 

= 

: fe were collected over a range of rer at two dynamic pressures, 

foe 

: ' i horizontal stabilizer on and off, with and without a dummy skewer 

=e 

ae a installed. The incremental effect due to the presence of the skewer 

oo was used as a correction in the Ames balance data reduction 

-_ | program, and to the pitching moment data obtained from the ‘fail 

4 i oe Boom Support balance. The pitching moment correction was small. 

plhye id 

eae 

Ss 

aa 

q ae 

pa 


on? 


PN PRUE certs aay fol Be 8 Naymnts om ate 


HUGHES TOOL COMPANY-AIRCRAFT DIVISION 


"I ANALysis___Ris Ter FLOOd ok neronritey AHO ce 13 
t prepanen ey___R. B. Rohtert Aerodynamic Tests of an Operational CH-6A 
ie cHeckeo ay____8- V. LaForge Helicopter in the Ames 40' x 80' Wind Timnel 


— js On 


5.4 Helicopter Centrol Console 


it The helicopter control console, designed and fabricated by 
( ai RIC-AD, was located in the wind tunnel control room so as to 
. provide optimm coordination between the wind tunnel operators 
, ~- and the helicopter operators. This control console previded 
_— remote control and monitoring of the helicopter. For operating 


effectivéness, it was divided into two adjacent panels: The 
left being the Flight Control Operator's Station; the right, 
the Engine Control Operator's Station. 


“- At the Flight Control Station were those switches and panel 
: L. \: monitoring instruments required for establishing aircraft angle 
: of attack, tail support angle of attack, lateral cyclic position, 


eel 


longitudinal cyclic position, and pedal position. In addition, 
there were instziments for monitoring the lateral flapping and the 
longitudinal flapping. An oscillograph record switch was also located 


fet ce on this panel. However, during actual test operations, the oscil- 


lographs were operated and monitored by HIC-AD personne! who 
| marked the applicable data point number on each record as it 


was taken. 
The Engine Control Station had the switches for LIOV AC power, 


fuel valve, starter, throttle, Nj beeper, and collective. Panel 


instruments were provided for monitoring collective position, 
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5.4 Helicopter Control Console (Continued) 


throttle, N., votor rpm, Ny, TOT, torque, DC Bus emperes, engine 
runniog-time clock, engine oil pressure, and engine oil temp- 
erature. Panel warning lights were provided as monitors of 

MR transmission of1 pressure, o11 temperature, and chip, TR 


transmission chip, engine chip, and fuel clog. 


Both the Flight Control Operator and the Engine Control Operator 
maintained a running log of the operational data on his respective ' , 
console coded to the Run Number and Data Point Number. In addi- 
tion the 50 channel oscillograph record number was logged. 


: ° The layout of the panels on the control console are detailed 
on the Ref. 1 drawing. 


The primary rotor controls, collective, longitudinal cyclic, and 


; [: lateral cyclic, were variable and powered by electrically driven 
[ screw jacks mounted in the cockpit. The rotor power and speed 


were controlled through the engine fuel control and the engine 
: [; governor. There was a remote "beeper" switch on the control 


console to change the governor rpm setpoint. 
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In addition to the Ames external balance data, up to 53 channels 


of oscillograph data were recorded throughout the test on two 


i : 


de oscillographs, one of 50 channels, the other of 18 channels 

-- directwriting. The latter was used to monitor during each run 
signifivant load values, principally pitch link load, mast 

7 longitudinal bending and tail boom vertical bending to insure 


that the aircraft was not being subjected to excessive loads. 


Rr RT TT Ee AE A EE 


Te list of the oscillograph recorded data channels is presented 


.- in Table I. Main rotor date channels, i.e., items 1 thru 17 


oan 


i of this Table, in addition to blade flapping position, required 


we oe 
. 


use of a multi-channel slip ring assembly mounted atop the 


4 


rotor mast assembly. The electrical leads from the stator side 


ee AS a en ee Sel ne ee SABIE Se | ete 


of the slip ring assembly were fed down thru the hollow mast. 


LP ee ee RT 


Mast bending strain gage leads did not require use of the slip 
ring since on the (H-6A helicopter the mast is fixed, the arive 
shaft rotating inside the mast to drive the rotor blades. The 
rotor blade loads are transferred thru two main bearings to the 


fixed mast. 


The outputs of the control position potentiometers were fed to 
the control console meters as well as to the oscillograph. A 
blade flapping resolver was installed on blade No. 1. The re- 


solver was mechanically constructed so that its flapping readout 
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was not affected by extension of the bladé retention straps 


under centrifugal Loading ndx by feathering nor by lead lag motion 


of the blade, Suitable electronic circuitry was provided to 
rasolve longitudinal flapping and lateral flapping and thus 
give a direct continuous reading on the two respective meters 


located on the control console. In addition, the output of the 


flapping resolver potentimeter was recorded on channel 22 of 


the 50 channel oscillograph. 


In parallel with the HIC-AD oscillographs, several of the data 


channelg were recorded on magnetic tape for subsequent automated 


data reduction by NASA-Ames personnel. 
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6.0. CALIBRATION AND DATA REDUCTION 


6-1 Belance ration: 
The three-support external) balance of the 40' x 80' ft. wind 


tumnel had been previously calibrated by NASA - AMES personnel 


in accordance with the NASA - AMES standard procedures. 


6&2 Balance Data: 


Balance data were reduced jin accordance with the NASA - AMES 
standaré computer program, Weight tare corrections and support 
interference tare corrections based on the support interference 
runs were incorporated |inithe data reduction program. The final 
NASA reduced data weremiade aveilable in a tebulated format 


eppropriately coded pey rin number and data point number. 


Pitching Moment Data thon the AMES three - support external bal- 
ance @e not usable. . | It had been established in conferences 
between AMMS and HIC-A) personnel prior to the test that the 
least count of the AMES balance. was too great to achieve 
meaningful accuracy in| thie pitch data. Consequently in lieu of 
the AMES balance, the pps moment data were obtained by 
means of an HIC-AD designed and fabricated strain gage belance on 


the tail boom support. 


The NASA reduced data @e| presented in Appendix A, pages A~1 


through A-51. 
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J } 
I 6.3 Tail Boom Support Balance: j 
Because of the Jack of sensitivity of the AMES pitch balencs, a 
: i HIC-AD designed a two component strain gage balance on the tail. q 
: ~ boom support. This balance measured the axial and normal forces ; q 
A at the tail pivot attachment point. Readout was on channels | | 
eo . 
i: 8 and 9 of the HIC-AD 18 - channel oscillograph. In addition i A 
); Ye ee 
4 these data vere recorded in parallel on magnetic tape. ‘hd tape ie 
4 : as ; : 
eho date were reduced by the AMES computer program and transmitted i 
k to HIC-AD in tabular format. Sufficient joscillograph data |points | q 
a : were read at HIV-AD to establish the validity of the automited 4 
i i, reduction. ‘The AMES values were then uséd to compute the pitch- | 4 
Mf : di : i 
I q ing moments about the helicopter pitch axis. | 
au a es : 
Ppa 
.: Pitching mument data were corrected for weight tares and ia { 
i H 4 4 
iH i i support interference prior to conversion) to the nee format a. 
to - 
Hf used in the data presentation graphs. Values are tabulated on pages : 
Bk q 
j , A~52 through A-55 of Appendix A, | 
ns i  ” 
if 7 q 
a Calibration of the tail boom support balance was conducte¢, over a 
the applicable Zoad range in the HIC-AD|laboratery prior (to the ! 
tunnel test. Standard oscillograph R-Ctil. procedures were used 
throughout the actuel test. 
6.4 Strain Gage Instrumentation: 
The strain gage instrumentation listed [in Table I was tbe, bed 
at HIC-AD prior to shipment of the helicopter to the wind tun 1. 
Since this instrumentation was identical to that used on/a fully 
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ed flight test helicopter, standard calibration pro~ 
~ cedures were employed by HIC-AD calibration and electronic personnel. 
Standard oscillograph R-Cal. procedures were used throughout the 


actual test. 


Position (alibrations: 


Following| installation in ithe wind tunnel, with the helicopter 
set at “,/= zero, wind off, final calibrations were conducted for 


all posit; on potentiometers utilizing a precision inclinometer 


ox scale required. The oscillograph readouts and control 


console readings were simihtaneously recorded against the in- 
Clinometer (or scale) readings. 
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| 


T.1 Test Procedure 
Prior to initiation of a run, the angle of attack was set by wind 


i Gaanel: pavaemae ka pitas: = 2ero. pe eee 
shaft 


The helicopter engine was started and brought up to operational 
rpm, initially 97% (456 rpm). ‘his afforded a nominal 3% adjust- — 
ment for maintaining |e constant advance ratio, since as tunnel 


i 


temperature increased, the tunnel velocity increated to maintain 


Ref 
i ee ——— 
Ho Oe er TIE AE ET ECORYS 
. a 
a . 
—— 


‘constant — dynamic pressure, Prior to starting the tummel, 
= wouetve was eas to give approximately 1000 los. lift 
4 : eo | on the tunnel external balance. As the tunnel was brought Ww 
ea to speed, the longitudinal and lateral cyclic controls were | 


. adjusted to maintain zero léngitudinal apd lateral tip path plane tilt 
. relative to the main rotor shaft. : 

1 - 7.2 est Variables 

| ; , The veriables investigated covered ,< » COllective, longitudinal 


: - . shaft 
Bah * cyelic, and lateral cyclic et several advance ratios for various. 


ae helicopter configurations. In addition advance ratio was varied 
about the basic. values by variation of rotor rpm at three fixed 

wind tunnel velocities. \ 

’ q a3 Test advance ratios and corresponding tumnel dynamic pressures were: 
fas 7 tha /teP i 
L | 225 29 


Pi .30 4 
te 35 56 
: ' ho | 13 
90 (2 points only) 
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7.3 Dest Log . 
A complete log of the tunnel test rims, the oscillograph data 


recarts, and tabulated reduced data for this test series Fans 
available in thn -HIC-AD Technical Department files. Twenty-three 
data runs (470 data points), four support tare mms (52 data points), 
and seven static weight tare runs vere mad. Helicopter engine 
operating time was 35.7 hours. Tunhel occupancy, including 

setup and teardown was 2 shifts. ‘The tuntiel operated ona two 


shifts perday besis, 5 days/week. 
| 


\ 
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8.0 DATA ANALYSIS 


8.1 Mejthod of Comput ing Theoretical Stability Data. 


The ee method used herein to compute stability derivatives 


ee ee 


Le wel and is inexpensive to run. The comparisons |of theory and 


test data show excellent agreement. Consequently it ils felt that 


this computing method is adequate for simple helicopters |jof modest 


apeed Ca 0.35). Some of the test data show evidence of retreating 


iad 


ip atall. For these the agreement with theory is only feir. A 
few dats points were run at 4 = 0.4. These data are quite scat- 


tered “i the agreement with theory is marginal. 


+ ke} 1 nt ed 


The thepretical stability date used to compare with the wind tunnel 


test daja were obtained by means of a digital computer program, 


Pe 


Te on References 2 and 3, which numerically calculated the sero- 
y 


d 


namic] characteristics of the lifting rotor using tins asissumption of 


uniform] induced velocity and ignoring the effects of blade flexi- 


Hility.| This program employed a strip analysis in computing the sero- 


dynamic) forces on the blades. The aerodynamic forces), in conjunction 
with centrifugal, inertial, and weight forces are say ie to solve 


for the blade flapping. Knowing the flapping, the local, blade 


fngle df attack and the eerodynamic forces for a trim condition are 


bbtaingd, The angle of attack and Mach number of each local blade 


ection together with the tabulated blade characteristiza determine 


& segtion Cy and C3. The lift, drag, and torque nf rach section 


a then computed. 
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I 

| Since the rotor blades of the test helicopter incorporated the NACA 

| 0015 airfoil saction, the tabulated values of cp and Cy were ob- 
tained from the data of Reference 6, This reference presents Cp 

if and Cy as a function of angle of attack and Mach number. These 
coefficients were synthesized from hovering data of a rotor with a 

I 


0015 airfoil section. 


In addition to the blade section aerodynamic characteristics and the 
physical characteristics of the rotor, the other inputs to the 
computer program include: collective (99 75), longitudinal and 
lateral cyclic pitch (By Ay)» inflew ratio ()), and advances 
ratio A ). 


The outputs are longitudinal and lateral flapping (a, and bi), 
8 
thrust, hub moment, thrust vector tilt (a'. and b',), and shaft angle 


of attack (>< ,). 


In performing the wind tunnel test the cyclic control was positioned 
so that the aircraft was trimmed to zero longitudinal flapping angle, 
1," In the digital computations this trim condition was obtained 


by holding the collective pitch at the corresponding test value and 


IPE IATA Ett 


varying the longitudinal cyclic pitch, B, , and infiow ratio, » , 
8 


to achieve the test values of thrust and zero flapping. After the 
trim condition was obtained, small perturbations were made in the 
proper parsmeters to compute the derivatives. Since shaft angle ,~< ,, 


is an output, an iteration has to be made to hold@\, constant when 
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obtaining the derivatives with respect to control positions and Mt, 


Page 25 presents a flow diagram describing each step in the iteration, 


Additional details of the computer program are described in Appendix C. 


Figure 4 showa a echematic side view of the test setup. All moments 
ware measured around the moment center shown. Therefore, the cal- 
culated hub momants and shears were transferred to the moment center 


for comparison with wind tunnel data, 


Summary of Measured and Theoretical Stability Derivatives 


The following table sutmarizes the rotor stability derivatives obtained 
during the wind tunnel test and compares them with computed deriva- 
tives. The more important longitudinal derivatives are diecussed in 


detail in later sections of thés paper. 


The derivatives with respect to collective and cyclic stick were ob- 


tained using the stick motions measured at the console. Plots of 
console collective pitch angle vs blade angle measured on the. oscil- 


lograph record show that the flexibility of the control system re- 


duces the angle of the blade by 11% to 14%. The cyclic stick is more 
than twice as flexible as the collective stick (stiffness of 7000 
In-1b/zad as compared with 16.370 in-lb/rad for collective), so it is 
expected that the cyelic angle at the blade would be reduced 25% to 


31%. The deflection of the control system is a function of the 


pitch Link load; therefore, the difference between the console meesured 


angle and the blade angle is a function of flight condition. 


fi 
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COMPUTER PROGRAM FLOW CHART 


Input Rotor 
Physical Parameters 
and 


8154: STreq Hb 


X= Xy + AX 
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I TABLE I. B ATIVES 
i 34) loa, deg /deg 15 0, 14 0,20 | 0, 25 0, 28 
8 
: aC, Jalan, /deg 0.00014 | 0.00013 {| 0,00019 | 0.00018 || 0.00025 | 0. 00024 
i aC, /o/aa,: /den 00052 | 0.0056 |} 0.0065 | 0.0069 || 0.0086 | 0, 0086 
> aC folsa,: /aen 0. 00009 | -0,00004 {| 0. 00010 | -0. 00005 {| 0.00625 | -0, 00004 
‘f 
aes 98, /sB, . deg/der -0. 98 “1,27 -1, 08 “1,23 21,25 =1, 36 
6 8 


| aC, /o/aB, e/dey +0. 0009 -0, 0013 -0. 0009 -0, 0023 | -0, 0010 «0.0014 
8 

a 3 Cy/o/3B, ,/deg 0, 0040 0, 0056 0. 0048 0. 0070 0. 0058 0. 0082 
s 

aCala lary /dex & 0008 0. 0012 0. 0008 0, 0011 0. 0009 0, 0011 

0. 82 0.76 0. 96 1.35 1,43 


34) la, 75° den/deg 
8 


“ aC lola: 0, O13 . 0, O15 0. 007 0.010 


hs 
14 


This table shows good agreement between theory and test in the speed 
stebility and the derivatives with angle of attack, except for the 


derivative of roll moment with angle of attack. These test data show 


hysteresis and the differences have not been resolved. The theo- 
retical derivatives with collective pitch are 11% to 14% high and the 
derivatives with cyclic pitch are 25% to 31% high due to the flexi- 
bility in the control system. It can be seen from the table that 


when the control system flexibility is accounted for, there is good 


sia 


DAL iment + 


agreement between theory and test. 
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l 8.3 Rotor Flapping 


Figure 5 presents a plot of longitudinal blade flapping versus shaft 


eae 


angle of attack. The theory, shown as a dashed lines, compared very 
well at me = 0.25, but deviated from test at the higher values of Mt : 


The theoretical retreating tip angle of attack is printed next to 


EE ne ee ee Sey SPRUE TE TER Se 


Pee 


the trim point. One point (= 0.35)and 0, 5, = 10°) has a § 
retreating tip angle of attack well into the etalled region. This 


ee ee 


Sa 
Sonat we, Grass cm — 
sere « . -~ - oad 
ee 


tect point shows the effect of stall in increasing the change in 

blede flapping with shaft angle of atteck, Stall reducee the lift 
on the retreating blade and aleo shifts the airfoil center of pres- 
sure towerds the trailing edge which tends to twist the blade nose 


down. Both of these effects increase flapping. The theoretical :- 


¥ 


program aceounted for the decrease in lift but assumed rigid blades. 


7 


Therefore, the effect of dynamic twisting of the blade could not be 


e 


deternined, 


: 7 Figure 6 presents a plot of the change in longitudinal cyclic pitch 
! 4 with change in shaft angle of attack to maintain zero flapping. 

The values of Ps) By IX, from test data are somewhat greater 
than theory, The values of 2 were obtained from atick position 
ae measured in the cockpit. Due to the flexibility of the control 
system, the actual values of ue at the rotor are less than the 


[ values celeulated based on the static calibration. Flexibility was 
[ discussed in section 8.2. 
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iy 8.4 Rotor Pitching Moment Derivatives 
it Figure 7 presents a plot of rotor pitching moment veraus shaft angle 
“ of attack, The test points were obtained by subtracting the moment 
i due to fuselage and rotor hub from the total pitching moment; thus, 
: they represent the moment due to blades only (except for blade- 
Ul fuselage interfarence which should be small). 
a Figure 8 presente derivatives of Jub fiwe obtained by reading the 
j : slopes of Figure 7. ‘The agreement between theory and test is excel- 
a lent. At Os 75 =» 10°, “<= 0.35 the agreement with test is good 
il evan though the measured flapping wes considerably greater than 
| theory. This point is in the retreating tip stall region, which 
q if inereases the drag on the retreating blade and tends to reduce the 
3 aft tilt of the rotor thrust vector. Therefore, when the moment is 
; | transferred to the test moment center (aircraft center of gravity), 
L: the increased nose up moment due to increased flapping is of feet 
io by the reduced moment due to reduced thrust vector tit. At ~~ 0.4 
q f there is a considerable amount of scatter in both the flapping and 
pitching moment data points, 80 the comparison of theory with test 
a data is inconclusive. 
f 8.5 Thrugt Derivative 
] E Figure 9 presents C' rhs veoc, for the values of advance ratios 


tested both horizontal stabilizer on and off. Figure 10 presents 


the derivative re] er bohm vs st. These derivatives were ob- 
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tained from the slopes of the curves in Figure 9. Theory is also 


~ shown on Figure 10 and is in excellent agreement with test data. 


Stabilizer Refectiveness with Angle of Attack 


Figure 11 presents pitching moment date for the complete helicopter 


i in the form of C,/o~ veOe, with the horizontal stabilizer "on" and 


"off", Figure 12 presente the slopes of the dete in the form of 
oy ; Deule/3 a , as a function of .«. (At,“= 0.4, there are no 4 
dats “horizontal-on".) This figure was used to estimate the ratio q 
; of ectual to theoretical downwash at the horizontal stabilizer. At . 4 
q 7 of .25 and .30, this ratio is equal to 1,2. AtAc= .35, the 
ratio ie 1.0 for the unstalied test and 2.8 for the teat conducted - 
I, with retreating tip stall. Rotor stall reduces the effective rotor 
disc area, and hence, increases the downwash velocity. Thus, the 
high value of induced velocity can be expected. The value of induced 
i velocity ratio of 1,2 is almost identical to the measured ratio 

presented in Figure 33 of Reference 7. This reference presents 4 


{ data obtained from a wake survey of the induced flow near a rotor. 


| Rol] Derivative with Angle of Atteck 


Figure 13 presents CY /o- ve ec, for various conditions. Figure 


Su eee 


14 presents the roll derivative with shaft angle as a function of ,&., 


derivative of lateral flapping b,; ve rotor shaft angle, @,, is 
8 


| The theory shown does not agree with the test. The theoretical j 
| positive, but the theoretical derivative of lateral thrust vector 
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tilt, b', va OX, is negative, therefore, when the moment was 
transferred to the CG, the total became negative. The difference 


between theory and test is wmexploined but is probably due to the 


low sensitivity of the balance system in relationship to the small 


helicopter rolling moments. 


di k Motion Derivatives 


Figure 15 presents a plot of longitudinal flapping angle 1 with 
ineremental longitudinal cyclic pitch 42, determined from longi- 
tudinal stick motion. Figure 16 presents the flapping derivative 
Qt, as a function of ,«.. The test data indicate the flapping, due 
to ea motion, ia lesa than theory. This is attributed to the 
flexibility in the control system, The longitudinal cyclic pitch 
system flexibility is approximately twice that of the collective 


system (sve 8.2). 


Figure 17 presents pitching moment vs 43),: horizontal stabilizer 
‘off", The theory is aleo show on this Figure. Figure 18 presents 
pitching moment vs 431,, horizontal stabilizer "on", Figure 19 


presents OOmig obtained from the slopes of figures 17 and 18, and 
BL 


@lao shows the theory. As expected, the test ia lower than the 


theory, due to the flexibility of the control system. Figure 19 


shows that the derivative OSn/o_ becomes more negative with the 
Py 
8 


horizontal stabilizer on. This is due to the change in downwash at 


' 
the stabilizer, which is 6 function of ocr ks . The derivative 
Bi, 
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8.9 


8.10 


9 Cr! hy” increases with,«; therefore, the difference in moment, 
ou ee on versus off, should increase with forward speed, 
Figure 19 shows this trend, but the absolute value of the difference 
due to the stabilizer appears high. Figure 20 presents or foe 
var both theory and test. The test results are lesa ea tea 


theory due to the control system flexibility. 


Lateral Stick Motion Derivatives 


Figurea 21 and 22 present Lateral flapping, b1,4> and rolling moment, 
Cy jg , respectively, as a function of incremental lateral cyclic 
piteh, AA,. Figure 23 presents the derivative of rolling moment 
with leteral cyelic pitch fae le taken from Figure 22, Due to 
flexibility in the lateral Sones system the test flapping and roll 
moments are less than theory. Both the theory and the test indicated 
the rolling moment derivative is independent of © at a given value of 


advance ratio Ar » 


Collective Stick Motion Derivatives 


Figures 24 and 25 present longitudinal flapping aj, and lateral 
flapping bi, vs 9 95° As discussed earlier, the flexibility of the 
control system results in a reduction in the angle of attack change 
at the rotor. It is expected that the theory will be 11% to 14% 
greater than test. This is true except for the run at A» 0,35. 


The trim points have a theoretical retreating tip angle of attack of 


11,2° whieh is into the stall region. As stall tends to increase 
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the derivative of flapping with collective pitch, this effect offsets 


the reduction due to control system flexibility. 


8.11 Speed Stability 


a Figures 26 and 27 present Sm/er and Cr’ /g- ve A~ respectively. These 

hs teste were conducted with the horizontal stabilizer installed. The 

‘a variation of «{ was obtained by changing rotor speed, rather than 
_ tunnel speed. Consequently, the stabilizer lift is affected only by 

“ the change in downwash due to the change in rotor thrust. The thrust 

i derivative is small; therefore, the effect of the stabilizer on the 

i pitching moment derivative is also small. 

7 The speed atability agreement, as show in Figure 26, is very good. 

ik Ae noted previously, the case of m= 0,35, 0.75 = 10 degrees, is 

ns well into retreating tip stall, which increases the drag on the 

ae retreating side, resulting in a forward increment of tilt of the 

oA thrust vector. The moment change due to the change in thrust vector 

= tilt appears to be greater tha: the moment change due to increased 

L flapping, causing an unstable variation of pitching moment with“. 

. The theoretical retreating tip angle of the ~« = 0.35, %0 75° 8 

| degrees point is equal to 20 degrees. Thus, the stall is even greater 

Ka than the % 75 = 10 degrees point discussed earlier. As expected, 

+ the slope of this case deviates from theory to a greater extent. 
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‘ é 
Figure 27 indicates theory uderestinates SO777 by a 
small amount. The test values of “7/ inclie the dewnlead 


on the stabilizer, therefore, test data includes a amall 


term that is neglected in the theary. 


Level Flight Performance. 

For helicopter level flight, the thrust is equal to the weight 
and the prepulsive force mst equal the drag. This condition 
is obtained when Cy san S= se The trim point 
for each /A tested vas obtained from crossplots of © and &<_ 
to obtain the rotar pover coefficient Cy « 347%, | Before 
this conlA be done, Cy had to be corrected for the tare of the 
tail support. Also, in order to ecmpare with . flight 

power measurements contained in reference 8, the drag of the 
instrumentation wire pack, which was not included in the 
tere support setup, had to be removed. ‘This drag was estimated 
te be one square foot of parasite area. A camparison at 

@ = 2090 pounds, IR - 648 ft/sec, and f= -002306, is showm 
in: figure 28. These data show excellent agreoment with the. 
flight date of.reference 8. 
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8.1% Loads Comperisons 


1 1 
Campexison plots are presented for the main rotor blade 15% 
flepwise cyclic bending and main rotor pitch Link cyclic load 


testa. Both sets af loads data are plotted as functions 


Of Cp/r and Cy/g. 


| 
| 
as cotained from the wind tue] test and fram recent flight 
Sxanmination of figure 29, 15% €lapwise “epelic bedding; .uhows 
some scatter in the wind tunnel data, ‘but no ~retounced trend 
| with either Cp/g or Co/g. The flight test data also shows 
| - seatter which is generally typical of this type of flight 
test data. The data do show rescomabie agreement. The flight 
test data average at a somewhat higher load level than do the 
wind tumel data. However, since the flight test date are 
grouped at the higher values of Cg smd C./s, this result 
is not umexpected. It is significant to note that the endurance 


limit was not exceeded for any test condition including the 


of 154 knots, 2 points at 169 kmots). 


genera:.y less scatter than the blade bending moment data. 


Exemination of figure 30, pitch link cyclic loads, shows | 
t 
Otherwise, the conclusions are similar to those above. | 

| 


Time histories of retor loads as obtained from flight test and from 


high “4of the wind tunnel test (equivalent to a forward cpeed 
H 


the wind tunnel test are presented in Fig. 35. There is fair agree- 


| | | 
: mant between the two sources of data, Best Available COPY 
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8.14 Collective Control System Flexibility 
The values of eect angle ,99.75, a8 used herein are those 
read at the console, i.e., a direct function of cockpit stick 
position. From HTC-2D oscillograph \reeords, the pitch link 
average load hes been read ee selected runs and plotted in 

\ Figure 3 as a function of 4 lo.75 at the sonsote: The slopes of 


| ' the lines faired ‘aia these data pdints, eee, aE \ 


console. 
have been used in conjunction with the value of collective 


control system stiffness, 16,370 in-Ibs/redian, to caleulate 


the expected change in blade angle as read by the potentio- 


meter on the blade feathering axis and recorded on the oscil- 


; Lograph. a 
ans For example at # «0.25 
i) - | : FE 
ho ees et - $06 in. x 57-3 la P tbs «= 2100 
i 2° console 16,370 in-Jbs & OQ nsoledeS® 
a rad. { 
‘a 40 @ ex | 
Pa \ console - er .O ~ABconscle * 48 oscillograph ‘ 
er. 

. 


in a similar menner values of Seonsole of 1.13 and 1.14 
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were determined for “4 = 0.30 and 44» 6.35 respectively. 
These sieges have been utilised in fairing the lines tixn 


the cerrelation data plots cf Pigure 32 which presents 0 


verses © - Taking into acceunt the scatter in these 


date, the agrecmmnt between the slopes determined empirically 
as discussed abeve and the actual data is quite satisfactory 
Flexibility has been discussed above umler 8.12... 
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: as well as a negative shift in the angle for sero lift, which 


ment for both horizontel stabilizer on and off. The Ames data 
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8.15 Fuselage Characteristics 


Plots of lift ecefficient (Cy) and pitehing moment coefficient 
. (C,*) are presented in Figures 33 and 34 for the Rotor Off 

| Configuration. These figures also present data collected %n a 

1/3 scale model of the helicopter in the Northrep/Norair wind 


: tunnel (Ref. 4). The pitching moment curves are in good agree- 
show s slightly reduced slope for C, versus@q in both cases, 


is unexpectedly large for horizontal stabilizer off. Figure 33 
ts also presents a computed value of pitching moment based on the 
Multhopp body formula of reference 5 for a fuselage fineness 


ration of 2.3, i.e.: 


€* 
‘m Vol. 47 


This slope is somewhat higher then those shown by the full scele 


date and the Ref. 4 data, The Bef. 4 data were collected on a 
1/3 scale model tested at a RN/ft. corresponding to that of a 


| full scale ship at 55 knots. 
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TABLE I 


List of Oscillograph Recorded Deta Channels 


50 Channel 18 Channel 
Item Oseillograph Direct-Writing Oseiliograph 
Me, Bescription ane THEOL WO, 


1 = M/R Blade, Fispwise Bending, 15% - 1 
2 M/R Blade, Flepwise Bending, 17% 2 - 
3 M/R Blade, Flepwise Bending, 30% 3 - 
4 M/R Blada, Flepwise Bending, 50% 4 e 
5 M/R Blade, Flapwise Bending, 70% 5 - 
6 (spare) - - 
7 M/R Blade, Chordwise Bending, 17% 6 - 
8 M/RK Blade, Chordwise Bending, 50% 7 - 
9 M/R Drive Shaft Bending, No. 1 8 - 
10 M/R Drive Shaft Bending, No. 2 9 - 
11 M/R Drive Shaft. ‘Torque 10 - 
12) M/R Pitch Link Load oe 2 
13. M/R Feathering Bearing Support, 

Tension 12 - 
14. M/R Blade Retention Strap, Tension - 16 (a) 
15 M/R Blede Retention Strap, Bending - 3 
16 M/R Lead-Lag Position 15 - 
17 M/R Angle Position, Feathering 16 - 
18 H/R Mast Later] Bending 

(outside upper) 17 - 
19 M/R Mast Lateral Bending 

(outside lower) - 4 
20 M/R Mast Longitudinal Bending 

(outside upper) 19 - 
21 4 M/R Must Longitudinal Bending 

(outeide lower) - 5 
22 «-M/R Mast Lateral Bending (inside) 20 - 
23 «~—M/R Mast Longitudinal Bending 

(ines.de) 21 


(a) For run 3 only, CH.16 was long. accel. and CH, 17 
wee leteral eccel. 
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Kiet ef Qecilloszaph Recorded Bete Channele (Continued) 


50 Chauzel 18 Channel 
Qucillegraph Direct-Writing Oseillegraph 


Longitudinal Control Lint ‘ned 


25 Wermal Acceleration at «.,. - 7 
26 «Ship's Airepeed 26 - 
27? «Engine Terque Pressure 27 - 
28 Longitudinal Cyclic Positien 28 - = 
29 «=Leteral Cyclic Pesitien 29 - : 
30 Rudder Pedal Pesition 30 - 4 
31 Collective Pesition 31 “ ; 
32. Throttle Peeition 32 - . 
33 Tail Boom Support, Axial Loed . 8 fi 
34 Tail Boom Support, Vertical Load - 9 | 1 
35 Tail Boom Support, Position 33 - oa 
36 Tail Boom Vertical Bending, _ 
Forward - 10  § 
37. Tail Boom Horizental Bending, i 9 
Ferwerd | - 1 
38 Tail Boom Torque, Forward - 12 
39 Tail Boon Verticgl Bending, Aft - 13 
40 Tail Boom Herizontel Bending, Aft - 14 q 
41 Tail Boom Torque, Aft - iS * 
42 Upper Vertieal Stabiiizer, 
Lateral Bending 34 - 
43. Upper Vertical Stabilizer, Lateral 
Bending (near reot) 35 ~ 
44 Horizentel Stabilizer, Flepwiese 
Bending (near root) 36, 41 (bd: - 
45 Horizontal Stabilizer, Flapwise 
Bending (near strut atteeh.) 37 - 


46 Horisontel Stabilizer Chordwise 
Bending 38 - 
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i ; $0 Ghannel 18 Ghannel 
: j tae Oscillegraph Direct-Writing Oscillograph 
i 4 


I 
5 
] L Da Gen 


47 Rerizental Stabilizer Strut 


iL Lead 39 Z 
i : 4 43 RPM (1 per rev) 50 = 7 
a 49  Skewer Position (ship ec) 40 . 
ch 50 - Blade Flapping Position frem 
rE Flepping Raselver 22 . 
LES 5 Blede Plepping Position from 
‘o Flapping Fetentiometer 43 « 
i: 52 ‘Timing Code 48 = 
53 Timing Code 17 (a) 


- 


Mete: (a) Yer rum 3 only, CH. 16 was long. accel. and 
CH. 17 wae lateral accel, 
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Figure 2. OH-6A Wind Tunnel Installation - Right- Front View 
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Figure 4 
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serait” 


Best Available Cog. 


RUN CONFIG. 


2 


3 


9 


maLG-AV Kepurt NO, J0Y-A-8UZ0 


FRBVHT 


FRBVHT 


FRBVH 


PITCHING MOMENT COEFFICIENT, C,,,/¢ 


(Tail Boom Support Strain Gage Balance Data) 


DATA & 
POINT § 


1-3 
2 

3 

4 
5-8 
6 

7 
8 -13 
9 

to 
ll -3 
12 

13 ' 
14-13 
15 

is | 
17 
18-8 
19 
| 
21 

1 0 

2. 0 
3-3 
4 

5 

6 
a: 
| 
1: 
10 

1l = -12 
12 

13 { 
1 0 
a) 
3 

4 

5 

6 

7 

8 

9 

10 

li 

i2 -9 
1300-7 
14-5 
1S. 1 


. 00161 


~ 00619 
. 00633 


c/o 


- 00202 
. 90279 
. 00298 
. 00339 
. 00371 
. 00408 
. 00503 
. 06439 
. 00594 
. 00208 
. 00255 
. 00270 
. 00630 


. 00779 
. 00424 
. 00545 
. 00433 
. 00362 


. 00950 
. 00447 
. 00422 
. 00368 
. 00448 
. 00495 
. 00425 
. 00449 
. 00441 
. 00460 
. 004BT) 
. 00429 
. 00414 
. 00449 
. 00432 


(continued next 


column) 


a 


10 


t Available Og) ; 
36 


FRBVH 


31 


37 


-3 


Page 


——— ee 


(continued next page) 


RUN CGONFIG,. 


10 


ll 


FLUSAw Wepurt INO, 204-A-8UZU 


FRBEVH 


PITCHING MOMENT COEFFICIENT, C,,,/o 


(Tail Boom Support Strain Gage Balance Data) 
DATA 


x 
POINT _ 5 


+ 


a 


-5 
“11 
-9 


-3 


3 


co W Oo w& 


c/o 


. 00418 
. 00502 
. 00422 
. 00447 


. 00423 
. 00534 
. 00768 
. 00293 
. 00107 


", 00412 


. 00402 


- , 00414 


- 00402 


. 00432 
00411 


~ 00221 
. 00030 
. 00690 
. 90953 
. 00387 
. 00349 
. 00149 
. 00432 
. 00493 
. 00424- 
. 00451 
. 00573 
. 00416 
. 00185 
. 00446 
. 00306 
. 00152 
-. 0004 
. 00074 
. 00198 
. 00343 
. 00498 
. 00686 
. 00221 
. 00362 
. 00055 
-. 00016 
00197 
. 00110 
. 00047 
. 00229 
. 00275 
. 00194 


RUN CONFIG. 


12 


13 


DATA 
POINT 


FRBVH 


FRBVH 


WOYRN PWN 


-3,3 
-1 

-5.3 
-6, 3 
-3,3 


=3 


Page A-53 


c,,/° 


. 00118 
. 00157 
. 00169 
. 00176 
00208 . 
. 00206 
. 00150 
. 00147 
. 00233 
. 00287 
. 00165 
. 00159 
. 00224 


. 00213 
. 00210 
. 00427 
. 00109 
. 00007 
. 00223 
. 00037 
-. 00108 
. 00313 
. 00513 
. 00183 
. 00149 
00124 
. 00224 
. 00262 
. 00232 
00217 
. 00226 
. 00220 
. 00244 
. 00513 
. 00539 
. 00353 
. 00235 
. 00369 
. 00244 
. 00080 
. 00578 
. 00773 
. 00426 
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HLlG-AU Keport No, 50¥-A-5U40 rage A.54 } 


PITCHING MOMENT COEFFICIENT, C,,,/o 
- (Tail Boom Support Strain Gage Balance Data) 


a 


I RUN CONFIG. Pon, %g C/o || RUN CONFIG. Dali «°c i/o 
a e e { 
r, 14 FRBV 1 -3 =. 00239] 15 FRB 1 -3 ~. 00103 | 
# 2 -5 =, 00281 2 -3 ~. 00165 H 
mi 3 -7 =~, 00332 3 -4 -. 00231 ’ 
4 4 0 -.00124 4 a ; 4 
= 5 «3 =, 00139 5 -1.8 -,00 4 
4 [ 6 73 =. 00182 6 -0.8 “90038 a 
4 fo ee ees 7 -2,6  ~.00187 
ce. 8 = -9 =, 00160 8 -3.5  ~, 00267 : 
iat 9 -il  -, 00234 9 “1 ~" 90020 Wa 
ff 10-7 ~. 00117 | 14 
ay 11s -. 00074 : oe: 
= 12 -9 =,00168 Me cas ; 4 Sia iy 
i 13 -9 = =, 00286 3 gue _ 
14-11 -*, 00371 4 coe ‘ i & 
i 150-7 =, 06187 5 -2.6 =, 00226 -_— 
aq \ 16 =5 vr. 00068 6 -3,3 my 00261 | a 
| we 17 “9 -. 00282 7 -1,5 «-,00104 4 
18 -3 -, 00128 8 «4 -, 00345 a 
i ; 19 #5 -, 00226 9 -4 -, 00307 . 4 
b 20-7 ~~, 00316 10-6 -, 00452 - 
21-1 =, 00057 11 -2.6 =.00184 4 
| 1 as ae o0148 : 4 
ie 23 -, 00224 Pr 0 a | 
24 “00021 || +” = 2 28 ee -_ 
25 -. 00408 3 -. 00244 
| 26 -3 .00158 4 -, 00300 ; 4 
| 27-4 -, 00229: 5 -, 00321 _, 
28 -2 -,00074 6 -, 00185 
29-6 =. 00368 7 -. 00105 | 
| 30-4 =~, 00230 8 -. 00254 ma 
31 -. 00287 = 
32 oon i § 
| 33 -. 00298 {| 18 FRB 1 0 -. 00073 a 
34 -. 00481 2 0 ~, 00060 4 
35-8. 7, 00488 3 -4,5 -, 00428 -_ 
| 36 -10.4 -, 00591 4 -4.5 -, 00405 i 
37-6. 4 -, 00354 5 -6,2 ~-..00450 
38 -4 -,00257 6 a7, -. 00469 


HTC-AD Report No. 369-A-8020 Page A-55 


AY Re 
- U6 PITCHING MOMENT COEFFICIENT, C,,/o and C,,* 
4 i . (Tail Boom Support Strain Gage Balance Data) 
ae ae DATA DATA « 
q i i RUN GONFIG. pomp %s  ©,,/0 || RUN CONFIG, POINT “Ss Cut 
Ff j 19 FR 1 0 -. 00047]} 20 FRV l -3 . 0177 
= ee 2 -3 =, 00079 2 5 -. 0352 
ia a 3 -6 ==, 00150 3 -10 -, 0575 
BO | 4 -8 -, 00155 4 = -, 0447 
a: 5 -10 -,00191 5 ~5 -, 0345 
a i 6 «12 -, 00209 6 =3 -. 0223 
awe 7 -13 =, 00223 7 0 -. 0064 
ee 8 0  -,00013 8 3 . 0141 
i ae 9 0 -, 00061 9 -13 -. 0600 
Ro 10-3 | =, 00175 10 -ll -. 0597 
es 1k 90-543 -, 00272 11 “9 -. 0449 
fe ie he 12 -8.4 -, 00367 12 a7 -. 0379 
i 13. -10 = =, 00423 13 5 -, 0299 
: ie 14 0 -. 00065 14 -3 -. 0169 
pa 15 0 =, 00094 15 0 -, 0029 
16 -2.6 -. 00252 16 3 , 0191 
. 17-5. 7 =, 00393 
18 -8.2 -,00513]} 21 FRVH 1 3 -. 0834 
3 19 -10 -, 00576 2 0 ~, 0547 
ho 20 0 -. 00056 3 -3 -. 0349 
mw 6 |: 21 O -, 00078 4 -5 -, 0194 
bg 5 “7 -. 0006 
PY 6 “9 . 0251 
a 7 -11 . 0531 
a 8 -13 0761 
FO 9 3 -. 0725 
i 10 0 -, 0528 
Pp ii -3 -, 0379 
a 12 -5 -, 0228 
13 a -, 0063 


14 -10 ', 0264 
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. prepanco ev_R. E. Robtart Aerodynamic Testes of an Operational OH- 64 4 
Macnee ay Helicopter in the Ames 40' ZX 80' Wind Tunmel f 

A AFPEDIX B 

i [ FHYSICAL DESCRIPTION OF MAIN ROTOR AND CONTROLS 

: [ The main rotor ie a four-bladed, fully articulated system heving a lead- 4 

yh lag hinge located 16.19 inches from the C; of rotation and a flapping and ; 

i . 

| feethering hinge located 5,50 inches from the C; of rotation. Centrifugal q 


force is transuitted from the blade through the lead-lag hinge to the out- 


| board end of a pack of thin stainless steel strape and is reacted by the cen 
| trifugal ferce of the seuseite blade, so that the hub is not relied on tu carry 
| the centrifugal force. The inherent flexibility of the leminated strap packs ; 
permits flapping and pitching motions to be accoumodated by estructural deforme- : 
" tions. ‘the flapping and feathering hinge serves primarily ae an @lignment 1 


(| peint; a self-lubricated spherical bearing free ta alide on a pin provides 
freedem for all angular motions and permits elongation of the atraps due to 
| centrifugal force. 
im | The strape are of high strength stsinless steel strip, with teflon 
; sheets between the laminations to prevent fretting. The hub ies a premium 
| strength aluminum alloy casting, mounted on tepered roller bearings which 
treneait thrust and hub moments to the mast. A six-inch radius curved 
\ surface (shoe) ia provided to permit wreppirg of the straps due to flapping 
and pitching motions. 
! The blade ie a compusite structure consisting of: 2024-T4 aluminum 
| extruded spar, 2024-73 aluminum skin, 2024-73 aluminum channel, 2024-3 
‘aluminua etrip, and extruded brass weight at the leading edge. All these z 


| parts are bonded together. At tha blade tip, a bronze weight is bonded and 


Cee ae at ee 


| ' giweted to the blade. At the root of the blade, the upper and lower root 


fittings are bonded and bolted to the blade. At this location, the blade 


HUGHES TOOL COMPANY-AIRCRAFT DIVISION 369-4-a020 


MODEL REPORT NO. paaz B-2 
Aacedynemic Tests of an Operctional OH-6A 
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hee reinforcement from the 2024-T3 aluminum doublers. A 2014-16 aluminum 


ANALYSIS 
prepanco ey__&. BE. Rehtert 


cunckeo sy__©. V. LeForge 


forging ie atteched to the roét ef the blade for taking the demper arm load. 


ee a ee See 


The blade hae -8° twist and ne taper. Figure B-1 presente significant blede 
dimensions, the flapwiee inertis, and the cherdwise inertia. 


The blade hae en BACA 0015 sirfoil seetion of 6.83 inch cherd, With 


the trailing edge axtension the overall chord ie 7.21 inches. Figures B-2, 


| 
y 
i 


-3, -4 present the epanwise distribution of weight, chordwise c.g. lecation, 


end cherdwise moment. Table B-i presents a summary of the Rotor Mees 


properties. 
The main reter hub controle are illustrated in Fig, B-5, Cyclie and 


SED Ter ower + 


wiitenet 


collective pitch motions of the rotating ewashplete are carried to the integral 


horns on the pitch housings by shore Linke with rod end bearings. The 


rotating swashplate is driven by links fastened to the hub. The rotating 


a 
ee aoe eae 


owashplate fe connected to the nonmrotating swashplate through a double 


row bell bearing. The outer race of this bearing is a pert of the rotating 


swashplate; the inner. race is a part of the non-rotating swashplate. The non- 


rotating sweehplata tilts on a eealf-lubricated bearing surface moving 


against a hard surface on the main rotor mast. Rotation of the nen-rotating 


swashplate is prevented by one of the links that transmit cont@ol metion 


from the mixer assembly. 
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ANALYSIS 


prapareo ev__& B Bohtert = 
cnecxeo sy__8._ V. LaFerge 


| 
REMOVABLE LEAD-LAG FLAPPING 
uuyrs —MdRE_ BAM = =_HIADE 


WEIGHT Lbs, 26.96 28.61 37.25 
ORNTER OF GRAVITY 
Piteh Axis (.25C) In. 0.03 0.04 0.21 
Leading Edge In. 11.74 1.75 1.91 
Center Line of Rotation In. 80.53 76.85 61.74 
Firet Moment Lb.-In. 2171 2199 2300 
MOMENTS OF INZERTIA ABOUT 
Center Line Rotat & .25C Lb-In.8q. 239883, 241256. 
81-Ft.8q. §1.78 52.07 
I-L Hinge & .25C Lh- In.8q. tr ° 176192. 
Figg Hinge & .25C Lb-In.8q. 217083. 
(8ta 5.50) $1-Fe.8c. 46.86 
Pitch Axia (.25C) Lb-In.3q. 99.72 173.33 
$1-Ft .8q. 0215 0374 
CENTROIBAL MOM OF INERTIA 
Flapping Lb- In.Sq. 64529. 70865. 99162. 
: $1-Pt.8q. 13.93 15.50 21.40 
Pitching Lb- In.Sq. 94.42 98.24 170.63 
$1-Ft.8q, .0204 .0212 -0368 
Lead-Lag Lb-In.8q. $4582. 70919, 99269. 
§1-Ft.Sq. 13.94 15.31 21.43 
PRODUCT OF INERTIA 
About Center of Retat Lb-In.8q. -73. ~65. 10. 
& .25 Chord MLL 1735 
ITEM WEIGHT (LBS) Re (ib- IN SQ)* 
ROTATING HUB & RETENTION ITEMS 29,00 464. 


FROM HUB CENTER LINE TO FLAP HINGE 
IZ = W(R SQD), R= 4.00 IN | 
IZ = 29.00 ( 16.00) = 464. Lb-In Sq 

. FLAPPING BLADES 149,01 965025. 
WI = 37.25 X 4. = 149.01 Lbs 
Z = 241256. X 4. = 965025. Lb-In Sqd 


TOTAL ROTOR GROUP 178.01 965489. 
(208.39 S1-Fr Sq) 


* Weight & Moment of Inertia About Retor Centerline Rest Availabl Cor: 


' HUGHES TOOL COMPANY-AIRCRAFT DIVISION 369-4-8020 a: 
‘irk MODEL REPORT NO. _ PAGE Bed f 
pnepanno ey__2. 3. Rehtext Aerodynante Teste ef an Operational OH-6A 
, ae Laadelag Hinge 
MAD ROTOR BLADE 
+ 16,19 


17.19 


19.19 


— 23.62 .3737 5.570 


——~— 36.19 .1136 3.276 


—————— 157.625 
e g * + | 
widi ? 
FIGURE #1, 3 ys. 68 


B= 10.5 X 10°, 1bs/in" 
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chee. 
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FIGURE B-5 - MAIN ROTOR CONTROLS & 


